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Inspection  of  a  Portion  of  a  Propeller  Leading  Edge  by 
Obtaining  a  Cast  Plastic  Duplicate 

A  method  for  the  inspection  of  full  scale  propeller  leading 
edges  that  are  not  mathematically  defined  or  that  have  been 
modified  in  the  field  is  required  to  aid  in  defining  the 
numerical  coordinates  of  the  leading  edge  contour.  A  method 
of  obtaining  an  impression  of  a  portion  of  a  propeller 
leading  edge  is  described  herein.  The  method  fixes  a 
number  of  reference  dimensions  relative  to  the  propeller. 
Subsequent  plastic  castings  taken  from  the  impression  may 
be  inspected  with  the  aid  of  these  dimensional  references. 
The  unknown  portion  of  the  leading  edge  contour  may  then 
be  defined  and  added  to  the  numerical  specification  of  the 
propeller. 
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INTRODUCTION 


When  a  full  scale  propulsor  blade  must  be  modified  in  the  field  or 
when  detailed  inspections  of  a  small  portion  of  the  blade  are  required, 
a  method  of  duplicating  that  portion  of  the  blade  surface  is  required. 
Additionally,  sufficient  dimensional  references  must  be  available  so  that 
inspections  of  castings  taken  from  the  impression  are  meaningful  and  may 
be  used  to  accurately  re-define  the  propeller  contour. 

A  recent  effort  accomplished  these  goals.  A  fixture  was  designed 
and  fabricated  that  was  attached  to  the  propeller  hub  face.  This  fixture 
aided  in  setting  the  radial,  circumferential  and  axial  dimensional 
references.  Markings  on  the  blade  surface,  resulting  from  the  manufacture 
of  the  propeller  were  also  used  to  verify  dimensions.  A  box  designed  to 
contain  an  elastic  polyurethane  casting  resin  was  attached  to  the  fixture 
so  that  sides  of  the  box  corresponded  with  known  dimensions.  Contours 
in  the  various  sides  of  the  box  were  fit  to  the  blade  surface  and  sealed  to  be 
leakproof.  The  liquid  resin  was  poured  and  allowed  to  solidify  on  the 
propeller.  Once  removed  from  the  propeller,  a  rigid  casting  resin  was 
used  to  make  a  duplicate  of  the  blade  surface.  Dimensions  were  transferred 
to  the  duplicate  and  inspections  at  known  locations  made.  At  one  location, 
an  inspected  section  was  compared  to  a  specified  section  and  very  good 
agreement  obtained.  The  additional  inspected  contours  were  then  added 
to  the  propeller  specifications .  All  surface  details  and  imperfections 
were  found  to  be  accurately  transferred  to  the  final  cast  duplicates. 


DESCRIPTION  OF  THE  DIMENSIONAL  REFERENCE  FIXTURE 


The  most  important  aspect  of  inspecting  a  propeller  is  to  accurately 
maintain  the  dimensions  relative  to  some  known  reference.  To  that  end, 
a  fixture  was  designed  and  fabricated  which  fixed  all  dimensions  relative 
to  the  propeller  hub  face.  Because  the  hub  face  is  perpendicular  to  the 
axis  of  rotation,  it  was  not  necessary  to  have  the  propeller  laying 
on  a  flat  level  surface. 

Figure  1  shows  the  fixture  schematically.  A  circular  plate  was 
bolted  to  the  hub  face.  The  diameter  of  the  plate  corresponded  to  a 
recessed  area  in  the  hub  and  provided  for  rotation  of  the  fixture  on  the 
hub  face,  about  the  propeller  centerline.  An  "I"  beam  was  affixed  to  the 
circular  plate.  The  bottom  of  the  "I"  beam  provided  an  axial  dimension 
corresponding  to  the  location  of  the  hub  face.  The  beam  centerline  was 
aligned  with  a  reference  mark  on  the  blade  corresponding  to  the  design 
radial  reference  line.  The  beam  then  provided  fixed  radial  dimensions. 

A  sliding  fixture  was  attached  to  one  flange  on  the  "I"  beam.  The 
sliding  fixture  was  set  at  a  particular  radial  dimension.  Finally, 
a  plywood  box  was  suspended  from  the  fixture.  The  box  was  sufficiently 
deep  to  pass  through  the  blade  and  form  a  casting  box  into  which  casting 
materials  could  be  poured.  The  contour  of  the  propeller  could  not  be 
determined  a  priori,  so  during  installation  of  the  fixtures  approximate 
contours  were  determined  and  cut  into  the  intersecting  sides  of  the 
casting  box.  The  intersection  of  the  blade  and  the  box  was  sealed  to 
be  leakproof  with  a  resilient  putty. 

The  sides  and  the  bottom  of  the  casting  box  provided  dimensions  relative 
to  the  radial  reference  on  the  propeller.  Figure  2  is  a  photograph  of  the 

.  **in  . . . .  . — - - — . 
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CASTING  PBQCEMIEE 

Once  the  uaating  box  was  located  and  ■■naallaii.,  shoring  was  pifcmsdi  umliEsr 
it  to  prevent  Movement  as  approximately  IDO  pound*  of  resin  ana'  naqiub'maii 
to  fill  the  bn>x. 

The  black'  and  box  were  coated  with  a  release  agent  in  piaaqannariiatm  frorr 
taking  the  inpiression.  CONAP  INC.  CONATiiA’NE  TV-7-9  Liquid  Polyjtrftftimne 
Casting  Resin  v was  mixed  in  two  gallon  quantities  to  assure  uiiiftmrjn  imaxancEe- 
The  resin  was  nprmred  into  the  casting  box  and  allowed  to  cure  dLrcr 
about  24  hourly..  At  this  point  the  casting  hex  vtns  removed  ami 
discarded.  Tie  /cured  resin  is  somewhat  elastdr  ami  was  carefully/  nanrawaaii 
from  the  bladr- L-surface.  This  task  was  acnmg)lisjhed  by  blowing  aaraprcefinad 
air  between  the  blade  and  the  impression  tt>  'lielp  break  the  bmtil  hectMRfin 
the  two  materials..  Figure  3  shows  the  final  Impression.  The  arpaurf: 
sides  of  the -Impression  are  used  for  ihinMtmci-nmal  references.  Adtiiiiiianuill 
marks  on  the  lillade  surface  were  transierrel  2®  dte  impression 

CASTING  THE  DUPLdi'JOT. 

After  a llnw/ing  the  impression  to  .cure  fox  seweral  weeks.,  bar.  wait 
placed  inside  <a  second  plywood  box  of  dimensions  equal  to  the  xiHOiimg 
box.  CONAP  lie;.  CONATHANE  UC-17  Liquid  Polyurethane  Casting  Stesiin  \mm 
poured  into  the  6pace  left  by  the  blade  and  allowed  to  cure.  /Ergum?  -4 
is  a  photograph  of  the  casting  material  in  the  mold  after  the  dinx  wans 
removed.  The  migid  casting  was  then  removed  from  the  mold.  '.Misumll 
inspection  showed  that  all  known  surface  details  had  been  traTHdarmadi 
to  the  duplicate.  Flats  and  marks  on  the  dtqplicaie  could  be  unadi  as; 
dimensional  references . 


INSPECTING  THE  DUPI1CATE 

One  methail  of  inspecting  airfoil  sections  is  to  use  an  aardaiili 
inspection  mabiiine  with  a  spark-gap  follower-  Typically,  these  nwndiiiinuifc 
produce  a  rectangular  cross-section  3,  5  or  TO  times  size.  They  nmpuiirni? 
a  conductive  blade  surface  to  provide  currant  to  the  spark-gap  JoiUlowHr.. 
Inspection  of  Jttie  cast  duplicate  described  previously  required  uttnehullily 
machining  the  casting  into  three  pieces  to  allow  each  section  tto  Siiit  dnnttu-' 
the  inspection -machine.  Each  piece  was  cimted  with  conductive  ifiilhvEcr 
paint  to  allow  r.urrent  flow.  The  final  three  times  size  inspaidiumE  vwardP 
digitized  and  nsnnerically  re-assembled  to  produce  the  required  dhtta.. 

One  section  on  the  blade  and  on  the  casting  was  well  defined  iby 
the  original  blade  specifications.  A  direct  comparison  of  the  fifnail 
casting  to  the  .original  blade  specification  was  thus  possible,  iliigune  5 
is  a  comparison  of  these  two  sections.  It  could  be  seen  that  die ■  .-aectiiun* 
are  within  tolerance.  At  this  point  it  was  felt  that  the  data  idiniavad 
from  the  technique  described  in  this  report  were  adequate  for  me:  iim 
improving  the  specifications  of  the  prope3JLer. 
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Summary 


A  method  of  duplicating  a  portion  of  a  full  scale  propeller  blade 
surface  was  derived.  Dimensional  references  were  maintained  by  use  of 
special  fixtures.  A  rigid  plastic  replica  of  the  area  of  interest  was 
produced  at  dockside  with  a  minimum  of  support  equipment  required. 
Inspection  of  the  plastic  replica  indicated  that  the  method  accurately 
reproduced  the  blade  surface.  Inspection  of  the  replica  produced  data 
that  could  be  used  to  improve  the  specifications  of  the  propeller. 


PROPELLER 

REFERENCE 

SECTION 


Figure  1.  Drawing  of  Casting  Fixture  and  Box  Attached  to  Hub  and  Blade 


Photograph  of  Final  Rigid  Casting  In  Hold 


•DIRECTION  OF  ROTATION 


PARALLEL  TO  AXIS  OF  ROTATION 
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INSPECTION  DATA 


Figure  5.  Comparison  of  Specified 
and  Inspection  Section 
from  Duplicate  Plastic 
Blade  Casting 


DISTRIBUTION  LIST  FOR  UNCLASSIFIED  TM  80-31  by  M.  W.  McBride,  R.  M.  Dillon, 
G.  R.  McClintic  and  R.  F.  Davis,  dated  18  March  1980 


Commander 

Naval  Sea  Systems  Command 
Department  of  the  Navy 
Washington,  DC  20362 
Attn:  Library 

Code  NSEA-09G32 
(Copies  No.  1  &  2) 

Naval  Sea  Systems  Command 
Attn:  S.  M.  Blazek 

Code  NSEA-05HB 
(Copy  No.  3) 

Naval  Sea  Systems  Command 
Attn:  R.  J.  Cauley 
Code  NSEA-52B 
(Copy  No.  4) 

Naval  Sea  Systems  Command 
Attn:  H.  C.  Claybourne 
Code  NSEA-05H5 
(Copy  No.  5) 

Naval  Sea  Systems  Command 
Attn:  J.  G.  Juergens 
Code  NSEA-05H 
(Copy  No.  6) 

Naval  Sea  Systems  Command 
Attn:  W.  L.  Louis 

Code  NSEA-32132 
(Copy  No.  7) 

Naval  Sea  Systems  Command 
Attn:  T.  E.  Peirce 

Code  NSEA-63R3 
(Copy  No.  8) 

Naval  Sea  Systems  Command 
Attn:  A.  R.  Paladino 
Code  NSEA-05H1 
(Copy  No.  9) 

Naval  Sea  Systems  Command 
Attn:  F.  J.  Welling 
Code  NSEA-521 
(Copy  No.  10) 

Naval  Sea  Systems  Command 
Attn:  F.  Peterson 

Code  NSEA-52P 
(Copy  No.  11) 


Commanding  Officer 
Naval  Underwater  Systems  Center 
Newport,  RI  02840 
Attn:  Library 
Code  54 
(Copy  No.  12) 

Naval  Underwater  Systems  Center 
Attn:  R.  H.  Nadolink 
Code  36315 
(Copy  No.  13) 

•Naval  -Underwater  Systems  Center 
Attn:  R.  Trainor 
Code  36314 
(Copy  No.  14) 

Commanding  Officer 
Naval  Ocean  Systems  Center 
San  Diego,  CA  92152 
Attn:  D.  .Nelson  •*'  * 

Code  6342 
(Copy  No.  15)' 

Naval  Ocean  Systems  Center 
Attn:  M.  M.  Reischman 
Code  2524 
(Copy  No.  16) 

Commander 

David  W.  Taylor  Naval  Ship  R&D  Center 
Department  of  the  Navy 
Bethesda,  MD  20084 
Attn:  W.  K.  Blake 
Code  1942 
(Copy  No.  17) 

David  W.  Taylor  Naval  Ship  R&D  Center 
Attn:  R.  W.  Brown 
Code  1942 
(Copy  No.  18) 

David  W.  Taylor  Naval  Ship  R&D  Center 
Attn:  R.  A.  Cumming 
Code  1544 
(Copy  No.  19) 

David  W.  Taylor  Naval  Ship  R&D  Center 
Attn:  F.  E.  Geib 
Code  1942 
(Copy  No.  20) 

David  W.  Taylor  Naval  Ship  R&D  Center 
Attn:  J.  H.  McCarthy 
Code  1552 
(Copy  No.  21) 


DISTRIBUTION  LIST  FOR  UNCLASSIFIED  TM  80-31  by  M.  W.  McBride,  R.  M.  Dillon, 


G.  R.  McClintic  and  R.  F.  Davis,  dated 


David  W.  Taylor  Naval  Ship  R&D  Center 
Attn:  W.  B.  Morgan 
Code  154 
(Copy  No.  22) 

David  W.  Taylor  Naval  Ship  R&D  Center 
Attn:  K.  D.  Remmers 
Code  1942 
(Copy  No.  23) 

David  W.  Taylor  Naval  Ship  R&D  Center 
Attn:  M.  M.  Sevik 
Code  19 
(Copy  No.  24) 

David  W.  Taylor  Naval  Ship  R&D  Center 
Attn:  Library 
(Copy  No.  25) 

J.  Breslin 

Stevens  Institute  of  Technology 
•Da^idsoif  Labo'ratory'  *  • « 

Castle  Point  Station 
Hoboken,  NJ  07030 
(Copy  No.  26) 

Commanding  Officer 
Hydronautics 
Laurel,  MD  20810 
Attn:  0.  Scherer 
(Copy  No.  27) 

Philadelphia  Naval  Shipyard 
U.  S.  Naval  Base 
Philadelphia,  PA  19112 
Attn:  F.  Halpin 
Code  260.6 
(Copy  No.  28) 

Defense  Technical  Information  Center 

5010  Duke  Street 

Cameron  Station 

Alexandria,  VA  22314 

(Copies  No.  29  -  40) 

The  Pennsylvania  State  University 
Applied  Research  Laboratory 
P.0.  Box  30 

State  College,  PA  16801 
Attn:  R.  E.  Henderson 
(Copy  No.  41) 


18  March  1980 


Applied  Research  Laboratory 
Attn:  W.  S.  Gearhart 
(Copy  No.  42) 

Applied  Research  Laboratory 
Attn:  F.  E.  Smith 
(Copy  No.  43) 

Applied  Research  Laboratory 
Attn:  M.  W.  McBride 
(Copy  No.  44) 

Applied  Research  Laboratory  •  * 
Attn:  R.  M.  Dillon 
(Copy  No.  45) 

Applied  Research  Laboratory 
Attn:  G.  R.  McClintic 
(Copy  No.  46) 

Applied. Research.  Laboratory. 
Attn:  R.  F.  Davis 
(Copy  No.  47) 

Applied  Research  Laboratory 
Attn:  GTVJT  Files 
(Copy  No.  48) 


